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(57) There Is provided a catalyst for a water gas shift 
reaction In a hydrogen gas which Is able to effectively 
remove CO In the hydrogen gas within a broader tem- 
perature range. 

Such a catalyst for the water gas shfft reaction is 
characterized In that a metal oxide carrier supports at 
least platinum. The catalyst can be used for removing 
carbon monoxide In the hydrogen gas. Particularly, such 
a catalyst can be used in the water gas shift reaction for 
removing carbon monoxide In a reformed gas tn a fuel 
cell generation system. 
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Description 

Technical Field 



[0001] The present invention relates to a water-gas-shift-reaction catalys t used for converting and removing carbon 
monoxide (CO) in a gas which is rich in hydrogen through a water gas shift reaction, a method tor removing carbon 
monoxide In a hydrogen gas using such catalyst, and a fuel cell generation system using such catalyst. 

Background Art 

[0002] A reformed gas which Is rich In hydrogen Is produced by a steam reforming reaction of a hydrocarbon gas, 
liquid or solid, or a fuel such as methanol orthe fike with steam, and such reformed gas contains carbon monoxide as 
a byproduct The reformed gas Is used for a stippty of rr/drogen as a fad ^ generation system. 

[0003] It Is contemplated that among fuel cells, a polymer electrolyte fuel cell (or solid polymer fuel cell) Is used for 
is a vehicle, a compact generator and a domestic co-generation system since ft operates at a lower temperature, produces 
a higher power density, and Is expected to be compact and light and to have a shortened operation period. 
[0004] The polymer electrolyte fuel cell uses a perfluorosulfonJc acid based polymer membrane as a proton conduc- 
tive solid electrolyte and operates at a temperature between 50 -C and 100 C*. However, since the poryrnereiectroiyte 
fuel cell operates at such a lower temperature, it Is fikety to be poisoned by an Impurity contained In the reformed gas 
so which is rich In hydrogen. Particularly, platinum used for an electrode In a fuel cell unit Is likely to be poisoned by CO. 
and generation performance of the unit is degraded when CO Is contained In the reformed gas beyond a certain pre- 

determined concentration. 

[00051 Thus a CO removal unit Is provided downstream a reforming unit which produces the reformed gas rich m 
hydrogen from the fuel, and CO Is selectively converted and removed through a water gas shift reaction (CO* HgO 
2s _> cOo+iipLso that a concentration of CO In the reformed gas Is usually reduced to not greater than 1 %. A catalyst 
JoTmeWieTgas shift reaction is used for the CO removal as a CO conversion catalyst, and hitherto a Cu-Zn based 
catalyst has been conventionally used, rt Is noted that In the generation system using the polymer electrolyte fuel cell, 
a selective oxidation reaction unit Is additionally provWed <tovvr«tream the CO removal unit so that the CO concentration 
In the hydrogen gas Is further reduced for example to not larger then 50 ppm, and the hydrogen gas of which CO 
so concentration Is thus reduced Is supplied to a fuel cell unit 

Disclosure of Invention 

[0006] However, since en activity otthe Cu-Zn based catalyst is low. a large amount Mt ^^ 
* In order that the CO concentration In the hydrogen gas Is reduced to not larger than 1 %. Further. Its actMty ages, and 
therefore the catalyst has be replaced with a fresh catalyst periodically. Therefore, It Is difficult to apply the Cu-Zn based 
catalyst to a fuel cell generation system wherein start and stop are repeatedly carried out. and In particular to a compact 

fuel cell generation system. ^ . ^ 

100071 Th. present siventlon has been made considering the problem as described 

*> present invention is to provide a catalyst for a water gas shift reaction which can removes 

gas preferably within a broader temperature range and which can be used lor the removal of 
hydrogen gas. Such catalyst can be used as a catalyst which accelerates a walergas shift reaction when CO Is removed 
from a gas rich In hydrogen which Is formed particularly in a fuel cell generation extern. n 
[0008] Another object of the present invention Is to provide a method for reducing carbon monoxide in a hydrogen 

45 gas In which method the hydrogen gas containing carbon monoxide contacts with the catalyst for the water gas shift 

reaction catalyst as described above. , ... „ 

[0009] A further object of the present Invention is to provide a fuel cell generation system cha^r^ed in B«t a 
hydrogen gas which contains carbon monoxide contacts with the catalyst for me water gas sWft reaction, and an 
obtained hydrogen gas of which carbon monoxide content is reduced is supplied to a fuel cell unl 
[0010] IntheL aspect, the present invention provides a catalyst for a water gas shift reaction characterized In that 
at least olatinum is suooorted as an active component on a metal oxide carrier. 

SfSf .^ca^r^Wdlng to the present Invention, t^jneteiorfde^rrier Is preferably at least one setected 
mm to yo^cSng of zlrconla, alumina, ttanla. sflfca, sflta-magnesla. zeolite, magnesia, niobium oxide, zinc 
o^e andTxnL oxli (nlsloWted that a metal herein Includes also aUicon) .Among those o^W** 
Mrtiojiarivorelemble Also a carrier of zlrconla. alumina, silica, silica-magnesia, zeoOte, magnesia, niobium oxide, 

poupjnn If Minimi!" • l_ . j J,, tkn Huiinl Avl«4a i"t<arf4or 



Zinc^ oV chromium oxide coated with titania may be used as the metal oxide carrier. 

100121 As to the catalyst aocording to the present Invention, an amount of the active compu..,™ ~<Ht~— -~ 
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on a weight of the carrier (that Is, based on a weight of the carrier Itself which does not include the active component, 
which is also applicable hereinafter to the amount of the supported active component). 

[001 3] According to one embooTment^hentum is su pported as a™ttffir MtiYfi frmpo"^* * n addition to platinum in 
the catalyst of the present Invention. In this case, an amount of supported rhenium (converted Into a rhenium metal 
expression) is preferably between 0.1 % by weight and 10.0 % bv weight based on a weight of the carrier. 
[0014] In a further embodiment, at least one other metal selected from the group consisting of yttrium, calcium, 
chromium, samarium, cerium , tungsten, neodymium, praseodymium, magnesium, molybdenum and lanthanum is fur- 
ther supported as efurme7a*ive component In the catalyst of the present Invention In addition to platinum and rhenium 
optionally present as described above. Inthiscase, an amount of the further supported active components) (converted 
Into a metal expression) is in total preferably between 0.1 % by weight and 10.0% by weight based on a weight of the 



earner. \ 

[001 5] As to the catalyst according to the present Invention, any suitable manner may support the active component \ 
on the carrier. For example, a salt of a metal whteh Is suitable for the active component is dissolved In a suitable solvent 
such as water, and thus obtained solution is mixed with the carrier (for example In a powder form) to produce a mixture I 
is (for example a sluny) before the mixture is dried (preferably dried by heating), so that the carrier is obtained as the f 
catalyst for the water gas shift reaction on which carrier the active component is supported. 
[0016J The obtainedcataJystforthe watery 
Inverrtion.flrirojmea^ 

temperature, and makes It possible to produce a catalyst of which activity is higher. For example, the earner Is kept al 
20 a temperature between 400 »C and 600 *C (for example, 600 •q for a period between one hour and six hours (tor 
example, two hours) In a suitable atmosphere (for example, in air or In an inert atmosphere). \ 
[0017] m other embodiment m place of of before firing, the catalyst for the water gas shift reaction which is produced 
by the above supporting Is preferably subjected to a washing treatment The washing treatment Is carried out using 
water, preferably warm water and more preferably hot water (for example, boiling water). Concretely, the washing 
25 treatment Is so carried out that the carrier which includes the active component thereon is dispersed In water whteh Is 
agitated, and then the carrier Is separated (for example, by filtration) followed by drying. 

[0010] In the second aspect, the present Invention provides a process of producing a catalyst for a water gas shift 
reaction which removes carbon monoxide In a hydrogen gas, which process comprises the steps of: 

so (1 ) producing a slurry by mixing a metal oxide earner and a solution (preferably an aqueous solution) of a platinum 
salt and 

(2) drying thus obtained sluny so as to obtain a dried carrier. According to this process, the catalyst for the water 
gas shift reaction according to the present Invention as described above Is produced. 

35 [00191 The process according to the present Invention may further comprise the step of (3) firing the dried carrier 
thus obtained. In another embodiment * place of or before carrying out thefiring step, the process may lurthercomprise 
the step of (4) washing the obtained dried carrier or the Wed canter and particularly washing It with hot water, it Is 
noted that In the process according to the present Invention, the platinum salt Is converted to platinum as the active 
component and supported during drying the slurry drying (step (2)). and further during the firing (step (3)) and/or during 

40 S^^San^ons as to the catalyst of the present Invention as described above are applicable to the metal 
oxide carrier, the amount of the supported platinum, the firing, and the washing and so on m the process of W**>9 
the catalyst according to the present Invention. In eddtion. rhenium In addition to platinum may be supported by the 
earner. In whteh a solution of a rhenium salt is used In place of the solution ot the pl^umaalt 

<s 100211 As to supporting rhenium, rhenium together with platinum may be supported by the carrier. In whteh an aque- 
ous solution containing both the rhenium salt and the platinum salt together is prepared (or an aqueous eolutoncon- 
talnino the platinum salt and an aqueous solution containing the rhenium salt are mixed), and the st^descrfoed 
above are carried out using the obtained solution (or the mixture). Alternatively, the above steps (1) end (2) In series 
are repeated twice wherein one component Is supported first and the other component Is supported subsequently so 

so thai the carrier Is obtained which supports platinum and rhenium. 
^Tnlpr^ 

as the additional active component, at least one other metal as described above may besupported by r the i cante ^as 
a further additional active component In this case, all of the metals may be supported together or each of the me^te 
may be supported separately as hi the case of rhenium as described above. It Is noted that as to amounts of rhenium 
55 and the othermetal to be supported, the above explanations as to the catalyst of the present Invention are appfcabte. 
(00231 Further. In the third aspect, the present Invention provides a method lor removing carbon monoxide from a 
hydrogen gas containing carbon monoxide characterized In that the hydrogen gas Is contacted wrth a catalyst tor a 
w*e^SreSonwhteh^^ 
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gas shtt reaction In this n^d. the cata^ 

roo 2 4] .n this method, the hydrogen gas which contains carton monoxide Is conned with 
Jsshlft reaction which fa retained by a proper means or manner at a ter^raturebettreen ™ «C««U00 £ and 
m uw. « ^^t,.^ Katw»pn 220 *C and 350 # C In the presence of steam. The steam may be supplied in any 
S^n i^ S Sis method is not particuiady Ignited as far as it contains carbon 
^^ FTeirrme?^ according to the present invents is preferabr, appUed «• • 
^nihydrogenTa main component, and also contains carbon monoxide and steam so that a concentration ot 

S£? "Tst £S£ a^XV^er.don provUes a ,ue. ceH generation system ^ "V*" • 

^ S^^m^rde p«Sby a steam reforming ^J^^^^Z !"*^as 

of which carbon monoaoe gas has to be further reduced before the hydrogen gas is 

gaTof which carbon monoxide concentration has been reduced through the CO removing unit to passeo mrougn a 
selective oxidation unit before It Is supplied to the fuel cell unl 



» Brief Description of Drawings 



[0026] 

Fig 1 1s a graph which shows relationships between a reaction temperature and a CO conversion when catalysts 

^aTg^STre^^ 
so Re™ tefgmph which shows relationships between a reaction temperature and a CO conversion when cataiysts 

^*.g»^^^ 
" f^XSL^ between . reaction temperate and a CO conversion when caters ac- 

cording to Example 1 7 and Comparative Example were used tn Example 28. 

Embodiment for Carrying Out the Invention 

100281 In the ^ snica^nagnesla. zeofte, magnesia, niobium oxide, zinc oxide, 
^theg^p^^ 

of a shaped article such as e i pelteL produc «d from other compound(s) 

mass ft may be pulverized. When necessary, the canter supporting the active component may be eubjeaea 

SrTTl^CwJSo^trner ,s fine. K may be pressed to produce pellets using for example . 
p^lliLX p^^p^ P^ets so as to prod** cata^t partldes hav^g a dieter between 0.5 
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Is supported by the carter, end CO contained In the hydrogen gas Is removed using the particles. 

roOMl As to the catalyst tor the water gas shift reaction according to the present Invention, a supported amount of 

pSmtetntherang^^ 

of olatinum Is tess than 0 1 % by weight. It Is dHta* to have a sufficient catalyst acuvrty to convert CO In ^ to C0 2 
SmuT^wa^^ 

SSl^The CO removing catalyst may be also obtained by having other active component supported on the carrier 
KadditJon to platinum As such other active component, n W ™ end yttrium, calcium chrom^m samarium, cepum. 
LcsL ne^vmlum. praseodymium, magnesia aai5& ^anthan um 

s elected frttnmese metals may be supported o n a zlrconla carder, wnen oftefacdve components) Is supported, a 
salt of the selected active component bused In the supporting manner as described In fte above. 

opbLnTsup^ 

cerium tungsteTneodymium. praseodymium, magnesium, molybdenum end/or lanthanum Is used .site artra co* 
SnS^SeouJSTofa pteftnum salt (such as cMoroplatlnlc ecfdjend an aqueous ££££ saft(s) of 
Said ether metal(s) (or an aqueous solution which contains these eJ salts together are mixed with the e^tte" 
^ obrtned mixture Is evaporated wMo being stlned, and tt« material obtained through the waporafen Is heated so 
altSetd^ec^^ 

mmnorted as described before. When a plurality of the metals are supported on the carrier as described above, ft Is 
not^arS^ 

shift reaction is provided. Thus, tho metals mayfciormaynotbelnastateof anaJloy. . ,. 

sjnt reacuon p ^ ^ ^ ^ ta ad<fltlon to platinum supported on the carrier tt^ 

SSt atfv? to remove CO Is Increased, and hydrogen consumption Is because^ methanat«,n reaction slmufta- 
Z^^Z ™Zte<i The methanatlon reaction In which CO reacts with ^ to form methane occurs as a side reaction 
—n o^"lnto CC 2 tor the^rpose of ^^^Sfo^S 

supported amount of such metal(s) Is preferably k. the range between 0.1% and 0 0 % ^^J^^^n, 
meters). When the supported amount of such metal(s) Is less than 0.1 % by ^B"^,^^^"™^ 
So prevent the3henatlon reaction. When the supported amount ofsuch 

wSuhe effect to prevent the methanatlon reaction Is not so further Improved and a production cost of the catalyst 

VZLh ^Z^monent to the carrier followed by evaporating the solution, further heating to dry and then 
of the salt of the active «^ 0 ^^^^' ^werton according to the present Invention may be 

firino the carrier. However, the catalyst lor tne water gas snm w r . - tv^ 1- 

produced by washing and particularly washing wKh hot water the carrier after evaporating « ^J^"™ * 
rTc^ccrnprWng the^amer supporting platinum and optionally the omer 

atJnratiure between BO «C and 1 00 -C, preferably boding water) for a predetormlnod period (for example one hour) 
te 3^»n^o as to karate th. catalyst. After repeating such washing several times U ™ 
m^^deart and then drylmTa catalyst Is produced. Alternatively, the dried catalyst may be pressed Jhe form 
I « ^ x!? ^f n «d~£ts mavbe pulverized Into particles having a diameter between 05 mm and 1 .0 mm 
^^^S^^^n Z^rrier supports platinum Is obtained. When washing 

S^ly 0 cany, ng out wash** as described above, It Is contemplated mat what Is P^ rt ^ e 

catalyst activity to remove CO Is further Increased. For example, the adverse effect Induces conversion degraoai . 
select^ degradation ^"■^^ a fl ^ w ^ 6) snln Kaaion „ conducted while using the catalyst according to 
(0039) ^9 ene t ^ted^^ treatment prior to conducting the water gas 

snmreactionwncethejF^^ . contacted with hydrogen at an elevated temperature, 

above aSo o! used In a water gas shift reaction unit wherein CO Is removed from a reformed gas which Is nch 
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in hydrogen and whWTii produced from a hydrocaiboh based gas (such as a butane gas), a »Vd™«a*on liquid w - 
solid or an alcohol fuel such as methanol and steam through a steam reforming reaction unit Such water gas shift 
reaction unit is combined with a selective oxidization unit (for example a unit camprislng a Ru*ased^lveo>rtdatwn 
catalyst) which is located downstream the unit, so that the CO concentration of the reformed gas b reduced below a 
predetermined level, and such reformed gas is supplied to a fuel cell unit, whereby a fuel can generator i system for 
example, the polymer electrolyte fuel cell generation system Is formed. Such system is optrmal for an automob.ie. a 
compact generator or a domestic regeneration system. 



Industrial Applicability 



100411 The catalyst for the water gas shift reaction according to the present invention wherein the metal oxide carrier 
supports at least pteUnum is able Jo effectively remove CO In a hydrogen gas at a temperature within a broker en> 
Pe^urarange for example between 200 •C and 400 -C so mat hbe«Jy applied to a command portable fuel cetl 
generation system which repeats Its start and atop operations. . . . . _ 

[0042] When the metal oxide canter b at least one selected from the group wnsbtag of ziroonle, ^rnlna, elEca. 

Licawn^z^^ 



^ZL. of pbtinum b m the range between 0.1 % by we^Mand 10%bywe^^onthecamerwe^ht. 
the CO removing activity from the reformed gas of the catalyst becomes further more effective, 
^^cateiyst^^ 

K caX^TfcPUttaneousty to prevent the occurrence of the methanation rearfio^ « addition, when the eup- 
portTdSmt of rhenium b in the range between 0.1 % by welgra and 10% by weight b^ on the carrter weight. 

the effect to prevent the methanation reaction b effectively achieved. t . 

100441 When the canter supports, in addition to platinum or in addition to platinum and rhenium, at least one metal 
EdZTthVomup coring of yttrium. calcium, chromium, samarium, cerium, tungsten, neodymium praseo- 
oymtm m^n^rmo^bdenum ano^anmanum. tt ts possible to enhance the CO rearing aether -n*rim^ 
cTly to prevent the c^nce of the methanation reason. In addition, when th - u ^^^^ 0 f 
b in the range between 0.1 % by weight and 10 % by weight based on the canter weight, the effect to prevent the 

using the hot water after the active component has been supported has the enhanced activity, so that such catalyst b 
preferably used for the removal of CO horn the hydrogen gas. ,„,„,.,■„„ n..rtinn rrf n 

[00461 in addition, the reformed gas rich In hydrogen which Is produced through the steam reforming «^nofa 
Ee Z STZrocarbon based fuel with steam may be contacted with the catalyst for the water gas shin rcactton 
eS.S o me pSlT mention . fotlowed by being contacted wtth the *^*^°^™^J^ 
thus obtained reformed gas may be supplied to the polymer eiectrotyte fuel cell, wherebyustng ^ om \^^ 
SSned from the fuel through the steam reforming reaction, through the water shtft reaction and through the 
selective oxidation, electrically generation can be canted out by means of the fuel cell. 

Examples 

I0047J The present Invention will be concretely explained wtth reference to examptes. 
Examples 1 to 5 

roo40] Using afiringfumace. tvhydrate of zirconium hydroxide (ZnDj^.inanufacturedby M ^^^^°. 
UdTwassu^ 

60 ml/min.. and kept at that temperature for one hour, and ^^^^^"'^^ 
[00491 A predetermined amount of the obtained zirconta canter was chained tnh> an 

«watir h Z Pure water was added to the carter and they are mixed Intimately. An aqueous solution of chtoroplatinfc 
l^^TJr^^MS NACALAI TESQE INC.) was added to the evaporating dish, and pure water was 

of the evaporating dbh was washed away with pure water Into the bottom of the deh. Such depositing salt arose wan 
fTaTLast 1 5 7ours. The dried material was pulverized Into powder rn an agste mortar, and the powder was subjected 
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"to a firing tr^ of 500>C * ^ hbufln an alf flow 

ol 60 m!/min., and kept at that temperature for one hour c< ^ nflc „* lnn fl manually 

[0051] Then.thus obtained powders 

opera ed press, and obtained pellets were pulverized Into particles of ^ cfi^er was In tte range °* 
Lend10mm,wherebyaca^^ 

weight (based on the carrier weight) on the zirccnia carrier. . . 

poS Tbnotedthatbyvarto^ 

as shewn In Tablet below: 

Table 1 
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45 





supported amount of platinum 


Example 1 


0£%by weight 


Example 2 


1.0% by weight 


Example 3 


.3.0% by weight 


Example 4 


5.0%by weight 


Example 5 


8.0% by weight 



S5 



[00531 As to the above catalysts according to Exiles 1 to 5. their performances to remove CO were estimated 
SSTThe catalyst (0 7 ml) was charged Into a reaction tube, which was heated to a temperature of 600 •Clnone 
hour and Keptaiinat^e™™™ tnmrMrt aun was lowered to 200 *C In one hour while flowing helium followed 
^^olT3telS ^ a C^TSgT^^O end CO was mixed In a mo.ar «*> (HjO/CO) 
oT 1*K££ S> - - of sloTt/hO SV (space vetoclty) based on CO so that the ^ gas 

ot is was suppiieo w ineiu «t 200 »C whereby a CO removing experiment was Initiated, 

shift -earfonwas ^°^f ^ ' 222 at an Inlet and an^et of the tube, and analyzed 

^cTe^ 

TaTS^ 

versions. ~>^ nn o^riment as Comparative Example was also carried out similarly to Examples 

IZZlZZL «,rried out at a temperature of 300 *C. The results are shown In Fig. 1 . 

to Bounp.es 3 ^ < -"f^eTt^^ by stopping the helium supply, and 

Z SSTbS Z wa^pptd r^a^ve. After the reaction got stable, gas samples were stained at the 
r^noT^ruSC^^utas. end analyzed by means ol a gas chromatography so that CO con- 

^ T ° bt t^' 2" tTaTthTrctn^ so 2ge dlferenca In me catalysts between the Examples and Com- 
pose] it Is seen ^ J^** 1? ™ . c buYthe PVZrO, catalyst of each Example (especially the catalyst having 
paratfve Exampto at a ^^^^^^TS^O«talyst of Co^areflve Exempie. In addition, « b 

the expertrnent while the activity of R/BO, «telyst of Bf^Me « *** ^ , ^sT aoconJing to the present In- 
Example 6 

Bqueoussolutionotchk,^ 
retCd^ 



7 



EP 1161 991 A1 



wateTbath while stirring so "that the evaporation to dryness of the contents In the dish was carried out; during whfch- 
metal salts depositing on a wall of the evaporating dish were washed away with pure water Into the bottom of the <fish. 
Such depositing salts arose with proceeding of the water evaporation. The evaporation to dryness took one hour. 
[0061] The obtained material through the evaporation to dryness was further dried at a temperature of about 1 00 # C 
for at least 1 5 hours. The dried material was pulverized Into powder in en agate mortar, and the powder was subjected 
to a firing treatment using a firing furnace wherein It was heated to a temperature of 500 *C In one hour in an air flow 
. of 60 ml/min. t and kepi at that temperature for one hour, so that platinum was supported at In amount of 3.0 % by 
weight (based on the carrier weight) and lanthanum was supported In an amount of 5.0 % by weight. 
[00621 Then, thus obtained powder was pressed at a pressure of about 3600 kg/cm 2 for 1 0 seconds using a manually 
operated press and obtained peOets were pulverized Into particles of which diameter was In the range between 0.5 
mm and 1.0 mm, whereby a catalyst for the water gas shift reaction was obtained which supported platinum and 
lanthanum on the zirconla carrier. 

Examples 7 to 16 

[00631 Using a salt of a metal which Is an active component as shown In Table 2 below In place of lanthanum nitrate 
hexahydrate, a catalyst for the water gas shift reaction was obtained wherein other metal shown In Table 3 below in 
addition to platinum was supported by the zirconla carrier. 

Table 2 



Example 


safe of active component 


manufacturer 


Example 6 


lanthanum nitrate hexahydrate 


Wako Pure Chemicals 


Example 7 


praseodymium (III) nitrate hexahydrate 


Wako Pure Chemicals 


Example 6 


yttrium nitrate n-hydrate 


Wako Pure Chemicals 


Example 9 


neodymtum (III) nitrate hexahydrate 


Wako Pure Chemicals 


Example 10 


calcium nitrate tetrahydrate 


Wako Pure Chemicals 


Example 11 


samarium nitrate nexahydrate 


Wako Pure Chemicals 


Example 12 


chromium (III) nitrate nonahydrate 


NACALAI TESQE 


Example 13 


cerium (III) nitrate hexahydrate 


NACALAI TESQE 


Example 14 


magnesium nitrate hexahydrate 


Wako Pure Chemicals 


Example 15 


ammonium paratungstate pentahydrate 


NACALAI TESQE 


Example 16 


ammonium morybdete tetrahydrate 


Kojund Kenkyusho 


Example 17 


ammonium perrhenate 


Mitsuwa Chemicals 



Tabled 





supported amount of Pt (wt %) 


other active component 


supported amount (wt %) 


Example 6 


3.0 


lanthanum 


5.0 


Example 7 


3.0 


praseodymium 


6.0 


Examples 


3.0 


yttrium . 


6.0 


Example 9 


3.0 


neodymlum 


5.0 


Example 10 


3.0 


calcium 


5.0 


Example 11 


3.0 1 


samarium 


5.0 


Example 12 


3.0 


chromium 


5.0 


Example 13 


3.0 


cerium 


5.0 


Example 14 


3.0 


magnesium 


5.0 


Example 1b 


3.0 


tungsten 


| 5.0 
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supported amount of Pt (wt %) 


other active component 


supported amount (wt %) 


Example 16 


3.0 


molybdenum 


5.0 


Example 17 


3.0 


• rhenium 


1.0 


Example 18 


3.0 


| rhenium 


3.0 



(00641 As to the catalysts according to Examples 6 to 16 and Example 3 prepared as described above the CO 
Loving experiments were carried out similarly to those as described above. The results areshown In Rg. 3. R*3 
S^YreSon selectivity which Is a ratio of CO converted to COj, not to CH4, upon the CO removal through fee 
ra^s'on of CO to CO, at a reaction temperature of 350 «C. and ft Is seen that the catalysts according to Examples 
HoTnave higher reaction setectMtles than the catalyst according to Example 3 which supports only platinum. 

Example 17 

(00651 A predetermined amount of the ilroonla canter which was prepared In Examples 1 to S wascharged Into an 
«l^nq 0^ Ic^Tabove e teth. Pure water was aooed to the carrier and they are mixed Intimately. An 
aS?3uten Sammonlum perrhenate (manufactured by Mttsuwa Chemicals Co. Ud) was added to O^evapo- 
Z^hand oure water was further added to reach a predetermined concentration. The dish was located above 
m^f b^n w^sSras ^ *Y * * temperature of about 100 'C for at least 15 hours, during which a rn^al 
SSS« ^SXSSJLq dbhwTwashedaway wim pure water Into toebotton^t thejdteh. Such 
SX2^ewl! proceeding of the water evaporation. As a result, rhenium was supported by the Urconia 

Then, using the zirconla carrter supporting rhenium. P^^^^^^^^^ 
pies 1 to 6. so that a catalyst for the water gas shift reaction was obtained wherein the zirconla carrier supported 3.0 
% by weight of platinum and 1 .0 % by weight of rhenium. 

Example 18 

, n c^moie 17 except that an added amount of the aqueous solution of ammonium perrhenate 
E12SS 2^ J,^S. Ud.) was changed, a catar^t for J was obtafced 
wherein the zirconla carrier supported 3.0 % by weight of platinum and 3.0 % by weight of men urn. 
SST As ?oTe prepared iLysts of Examples 17 and 18 and Example 3 and C^arat^ We^e CO 
^in^™rfn«nJwere canted out similarly to the above. The results ere shown In Rg. 4. ft is seen from Rg. 4 

to or lower than 250 *C. 
Example 19 

mnai A oredetermined amount of the zirconla canter which was prepared In Examples 1 to 6 was cha^lntoan 
100691 „ A P ^ ^Tp^rJater bath An approprtato amount of pure water was added to the carrier and they 
'"^frS^S^^Zl s^on^'c^rc^llc acid (manufactured by NACALA1 TESQE INC.) was added 
are mixed «e*An ^ u ^™^^^ r e(Wed , 0 reach a predetermined concentration. The dish was 

tocated above ^ e ^^^^'^Z,^ on awafl of the evaporating dish were washed away with pure water 

^ t^^^^tontodw^wa^^dTat a ton^rsfcre 0? about 100 'C tor at ieast 15 hours. 

SSof Thec^th cE ^l hot wX (at a temperature of about 1 00 -q «or about one hour 

KSd^Srend^trating the catalyst This process was repeated unta the filtrate became dear. Then, the 

^Z^S^^ i'SU Xgfcm* for about 1 0 seconds us^a 

[00711 Then, thus eMrMwP" -P hto pertMes 0 f which diameter was In the range be- 

^rTnll^ 

rr^, % Z^^^red^^ Examples 19, the same acttvtty aging expertnent was carried out simiterty to 
SEE Z&JEL 3^««"" *mpara*re Example. The resutts are shown in Fig 5. 
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of the catalyst of Example 19 does not degrade. 
Examples 20 to 27 

water bath. Pure water ^"^Walu TESQE INC.) was added to the evaporating dish, and pure water was 
supported 3 % by weight of platinum. 

Table 4 



Example 


feedstock for carrier 


manufacturer 


Example 20 


alumina 


NAGALA1 TESQE INC. 


Example 21 


titanla 


reference catalyst of Catalysis Society 


Example 22 


silica 


Davison Inc. 


Example 23 


magnesia 


KAfvfTO KAGAKU j 


Example 24 


niobium oxide 


KACALAI TESQE INC. 


Example 25 


zinc oxide 


NACALAI TESQE INC. 


Example 26 


chormlum oxide 


NACALA1 TESQE INC. 


Example 27 


zeoQte 


reference catalyst of Catalysis Society 



removal started at a H**™*™*?* -C. reaction tube, and analyzed using 

r^T^ri are shown In FK^ 

than that of the Cu/ZnO catalyst of Comparative Example. 

Example 28 

carried out using the Cu/ZnO catalyst as Comparative Example. 
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10082]- The results are shown In Fig, 7. It (s seen from Fig. 7 that the CO.removal of.Exarnple. ; ?8 sbws ajuttter, , 
higher CO removal compared with the Comparative Example. 



Example 29 



[0083] A reformed gas rich in hydrogen which was produced from a butane gas as a hydrocarbon based fuel I and 
steam through the steam reforming reaction was contacted with the catalyst for the water gas shfti reactionaccord.ng 
to Example 17. end then contacted with an Ru-based selective oxidation catalyst, and thus obtained reformed gas was 
supplied to a polymer electrolyte fuel cell. An amount of the reformed gas supplied to the fuel eel was 11 .6 IrtersAnln. 
according to an Migrating flowmeter, and electricity generation of the fuel cell was estimated using an electronically 
loading device (electronic load device). 

[0084] Generation performance of the fuel ceil is shown In the following table: 



current 


voltage 


electric power generation 


20 amperes 


16.8 vote 


336 watts 



fOOSSI AsseenfrommeebovetaWe.nte»nflmwdt^ 

te possible by means of the f uei cell using the reformed gas obtained by the steam reforming reaction of the fuel and 
through the water gas shift reaction end the selective oxidation reaction. 



Claims 



1. AcatiuystforawatergasshKreacu™^ 

2. The catalyst for the water gas shift reaction according to claim 1 characterized In that the metal oxide canter Is 
at least one selected from the group consisting of zirconto, alumina, tltanla, silica, silica-magnesia, zeolite, mag- 



nesia, niobium oxide, zinc oxide and chromium oxide. 



3 ThecatalysttormewatergasshWreecuOT 1 or 2 characterized In that an amount of supported 

pSZ te between 0.1 %by weight and 10.0 % by weight based on a weight of the metal oxide earner. 

4. The catalyst for the water gas shtft reaction according to any one of claims 1 to 3 characterized In that rhenium 
In addition to platinum Is further supported on the metal oxide carrier. 

5 The catalyst for the water gas shift reaction according to claim 4 characterized In that an amount of supported 
rhenium is between 0.1 % by weight and 10.0 % by weight based on a weight of the metal oxide canter. 

6 The catalyst for the water gas shift reaction according to any one of claims 1 to 5 characterized In that at least 
one metal selected from the group consisting of yttrium. caWum. chromium, samarium, cenum. tungsten, neo- 
dymhim. praseodymium, magnesium, molybdenum and lanthanum is further supported on the metal oxide carrier 
in addition to platinum and rhenium which Is optionally present. 

7. The catalyst for the water gas shift reaction according toctalm 6 characterized In that an amount of said supported 
metal Is between 0.1 % by weight and 1 0.0 % by weight based on a weight of the metal oxide carrier. 

8. The catalyst for the water gas shin reaction according to any one of claims 1 to 7 cheractertzed In 

has been subjected to a hot water treatment after supporting platinum and optional other metal on the metal oxide 
carrier. 

9 Amethodforremovingcarbon monoxide ha hydrogen gas characterized In that the hydrogen gas whichcontalns 
«mon monoSde Is contacted with a cataiyst for a water gas shift reaction In which catalyst at least platinum te 
supported on a metal oxide carrier 

10. The method tor removing carbon monoxide according to claim 9 characterized In that the catalyst for the water 
gas shift reaction according to any one of claims 1 to 8 is used. 
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1 1 A fuel cell generation system characterized In that a hydrogen gas whteh contains carbon monoxide Is contacted 
* with a catalyst for a water gas shift reaction In which catalyst at least platinum Is supported on a metal oxHe carrier 
so as to remove carbon monoxide from the hydrogen gas, which Is supplied to a fuel cell. 

5 12. The fuel cell generation system wherein the catalyst for the water gas shift reaction according 

to any one of claims 1 to 8 Is used. 
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